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Aluminium  phosphide  (A1P)  poisoning  has  a  high  mortality  due  to  cardiovascular  involvement,  in  this 
study,  we  evaluated  the  frequency  of  cardiac  manifestations  and  electrocardiographic  (ECG)  findings  in 
20  patients  with  acute  A1P  poisoning,  who  were  admitted  to  the  intensive  care  unit  (ICU)  in  Tehran,  Iran, 
over  a  period  of  6  months  (between  October  2008  and  April  2009).  The  sex,  age,  cause  and  manner  of 
ingestion,  number  of  ingested  A1P  tablets,  cardiac  and  ECG  manifestations,  creatine  phosphokinase  (CPK), 
CPK-myocardial  band  (CPK-mb)  and  troponin-T  (TnT)  were  extracted  from  the  patients'  files.  All  data 
were  analysed  with  Statistical  Package  for  the  Social  Sciences  (SPSS)  software. 

The  majority  (60%)  of  patients  were  male.  The  mean  age  was  27  ±  8.7  years.  The  mortality  rate  was 
40%.  In  all  of  the  patients,  the  cause  of  poisoning  was  intentional  suicide  and  ingestion  was  the  route  of 
exposure.  The  mean  number  of  ingested  A1P  tablets  per  patient  was  2.2  ±  1.1.  The  average  time  interval 
between  admission  and  cardiovascular  manifestations  or  ECG  findings  was  168.8  ±  116.2  min.  The  range 
of  systolic  (SBP)  and  diastolic  blood  pressure  was  60-130  mmHg  and  40-70  mmHg,  respectively. 
Dysrhythmia  was  observed  in  nine  (45%)  cases.  Elevation  of  the  ST  segment  was  seen  in  nine  cases  (45%). 
Seven  patients  (35%)  had  prolonged  QTc  intervals.  Bundle  branch  block  (BBB)  was  observed  in  four  (20%) 
patients.  In  nine  (45%)  patients,  the  serum  cardiac  TnT  qualitative  assay  was  positive.  There  were  no 
significant  differences  between  normal  and  abnormal  ECG  groups  according  to  sex,  age,  number  and 
manner  of  ingested  A1P  tablets  and  SBP.  There  was  a  significant  correlation  between  cardiac  manifes¬ 
tations  and  ECG  findings  and  TnT-positive  results  with  mortality  in  acute  A1P  poisoning. 

©  2012  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

Aluminium  phosphide  (A1P)  is  a  pesticide  used  to  protect  stored 
grains.1  It  is  known  as  ‘rice  tablet’  and  sold  under  the  brand  name 
‘Phostoxin®’  in  Iran.2  The  incidence  and  mortality  rate  due  to  acute 
A1P  poisoning  is  comparatively  high  in  Iran.3  A1P  forms  toxic 
phosphine  (PH3)  gas  following  contact  with  water,  moisture  or  the 
acidic  content  in  the  stomach.1,4 

The  heart  and  lungs  are  the  target  organs  in  acute  A1P  poisoning, 
although  multi-organ  system  failure  may  occur.  Most  deaths  occur 
within  the  first  12—24  h,  usually  because  of  cardiovascular  toxicity.1 

There  are  inconsistent  studies  about  cardiac  manifestations  and 
electrocardiographic  (ECG)  findings  in  acute  A1P  poisoning  and  the 
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outcome  of  patients.5-7  In  the  present  study,  we  investigated 
cardiac  manifestations  and  ECG  changes  in  20  acute  A1P  self- 
inflicted  poison  cases. 

2.  Material  and  methods 

Over  a  6-month  period  (between  October  2008  and  April  2009), 
20  patients  with  acute  A1P  poisoning,  who  were  admitted  to  the 
intensive  care  unit  (ICU)  of  Loghman  Hakim  Hospital  Poison  Center 
(LHHPC)  in  Tehran,  Iran,  were  evaluated.  Acute  AlP-intoxicated 
patients  with  no  history  of  cardiovascular  disease  and  no  co¬ 
ingestion  of  any  other  drugs  were  included  in  the  study.  The  toxi¬ 
cological  screening  analysis  for  tricyclic  antidepressants,  benzodi¬ 
azepines,  acetaminophen,  salicylates,  tramadol,  opioids, 
methamphetamine  and  methylenedeoxy  methamphetamine  was 
performed  on  urine  samples  in  all  of  the  cases  by  immunochro- 
matography  and  thin-layer  chromatography  methods. 


1752-928X/5  —  see  front  matter  ©  2012  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 
doi:10.1016/j.jflm.2012.02.005 


292 


K.  Soltaninejad  et  al.  /  Journal  of  Forensic  and  Legal  Medicine  19  (2012)  291-293 


Diagnosis  of  A1P  poisoning  was  based  on  a  definite  history  of  A1P 
ingestion  and  clinical  manifestations.  In  fatal  cases,  autopsy  and 
toxicological  and  pathological  investigations  were  performed  in 
Tehran  Legal  Medicine  Center  (TLMC).  Chemical  analysis  by  the 
silver  nitrate  test  for  phosphine  detection  on  stomach  contents, 
liver  and  kidney  samples  along  with  the  liver  histopathological 
evaluation  confirmed  A1P  intoxication. 

The  sex,  age,  cause  and  manner  of  ingestion,  number  of  ingested 
A1P  tablets  and  cardiac  manifestations  at  the  time  of  presentation 
were  recorded.  During  the  first  6  h  after  admission  to  the  ICU,  ECGs, 
including  the  rate,  rhythm,  ST/T  abnormalities,  conduction  defects 
and  measurement  of  PR  and  QT  intervals  were  carried  out  on  all 
patients.  The  QT  interval  was  corrected  (QTc)  according  to  the 
formula  of  Bazett.8  Analyses  of  creatine  phosphokinase  (CPK),  CPK- 
myocardial  band  (CPK-mb)  and  troponin-T  (TnT)  were  routinely 
done  on  admission  to  the  ICU. 

All  data  were  analysed  with  Statistical  Package  for  the  Social 
Sciences  (SPSS)  software.  The  data  were  expressed  as  mean  ±  SD 
for  continuous  or  discrete  variables  and  as  frequency  and 
percentage  for  categorical  variables.  Fisher’s  Exact  test  was  used  for 
statistical  comparison  of  qualitative  variables.  The  normal  distri¬ 
bution  of  quantitative  variables  was  evaluated  by  the 
Kolmogorov— Smirnov  test.  The  statistical  comparison  was  done 
with  the  Mann— Whitney  Lf-test  for  non-parametric  variables  and 
the  independent  Student  t-test  was  used  for  parametric  variables. 

P-values  of  0.05  or  less  were  considered  to  be  statistically 
significant. 

The  study  protocol  was  approved  by  the  ethical  committee  of 
Shahid  Beheshti  University  of  Medical  Sciences,  Tehran,  Iran. 

3.  Results 

The  majority  (60%)  of  the  patients  were  male.  The  mean  age  was 
27  ±  8.7  years  (range:  15—42  years).  There  was  no  significant 
difference  between  survivors  and  non-survivors  according  to  sex  or 
age  (Table  1).  The  overall  mortality  rate  was  40%.  In  all  of  the 
patients,  the  cause  of  poisoning  was  intentional  suicide  and 


ingestion  was  the  route  of  exposure.  The  range  of  ingested  A1P 
tablets  was  0.5—4  tablets  and  there  was  no  significant  difference  in 
the  number  of  ingested  tablets  between  survivors  and  non¬ 
survivors  (2  ±  1.1  vs.  2.4  ±  1.1  tablets,  respectively,  Table  1 ). 

The  average  time  interval  between  hospital  admission  and 
cardiovascular  manifestations  or  ECG  findings  was 
168.8  ±  116.2  min  (range:  60—570  min,  Table  1).  There  was  no 
significant  difference  in  this  time  between  survivors  and  non¬ 
survivors  (Table  1 ). 

The  mean  ±  SD  of  systolic  (SBP)  and  diastolic  blood  pressure  was 
94.7  it  15.5  mmHg  (60—130  mmHg)  and  61.2  ±  10.4  mmHg 
(40—70  mmHg),  respectively.  The  mean  ±  SD  SBP  in  survivors 
(100.4  ±  14.5  mmHg)  and  non-survivors  (86.1  ±  13.5  mmHg)  was 
significantly  different  (Table  1).  There  was  a  significant  reverse 
correlation  between  SBP  and  mortality  (r  =  -0.46,  p  =  0.04). 

Sinus  rhythm  and  dysrhythmia  were  observed  in  11  (55%)  and 
nine  (45%)  cases,  respectively.  Seven  patients  showed  atrial  fibril¬ 
lation  and  two  cases  had  junctional  rhythm.  There  was  a  significant 
difference  between  survivors  and  non-survivors  regarding  cardiac 
rhythm  (Table  1).  Further,  there  was  a  significant  correlation 
between  cardiac  dysrhythmia  and  mortality  (r  =  0.70,  p  =  0.001 ). 
Elevation  of  the  ST  segment  (>2  mm  above  the  isoelectric  line)  was 
observed  in  nine  cases  (45%,  six  of  the  nine  patients  died).  Patients 
with  ST  segment  elevation  had  a  statistically  higher  mortality  rate 
than  patients  without  ST  segment  elevation  (66.7%  vs.  18.2%, 
respectively).  There  was  a  significant  correlation  between  ST 
segment  elevation  and  mortality  ( r  =  0.49,  p  =  0.03 ).  Seven  patients 
(35%)  had  a  prolonged  QTc  interval.  Bundle  branch  block  (BBB)  was 
observed  in  four  (20%)  patients.  Three  (15%)  cases  had  left  BBB  and 
in  one  (5%)  case,  it  was  a  right  BBB. 

Regarding  the  ECG  findings,  there  were  no  significant  differ¬ 
ences  between  normal  and  abnormal  ECG  groups  due  to  sex,  age, 
number  or  manner  of  ingested  A1P  tablets,  and  SBP  (Table  1 ). 

In  nine  (45%)  patients,  the  serum  cardiac  TnT  qualitative  assay 
was  positive.  In  16  (80%)  patients,  the  CPK  levels  and  the  CPK  to 
CPK-mb  ratios  were  increased.  The  number  of  positive  results  of  the 
serum  cardiac  TnT  qualitative  assay  was  significantly  different 


Table  1 

Distribution  of  patients  based  on  sex,  age,  number  of  ingested  A1P  tablets,  manner  of  ingestion,  time  interval  between  hospital  admission  and  cardiovascular  manifestations  or 
ECG  findings,  systolic  blood  pressure  and  ECG  findings. 


Parameter 

All  patients 
(n  =  20) 

Survivors 
(n  =  12) 

Non-Survivors 

(n  =  8) 

pa 

Normal  ECG 
(n  =  10) 

Abnormal  ECG 
(n  =  10) 

P 

Mean  ±  SD 
(range) 

Mean  ±  SD 
(range) 

Mean  ±  SD 
(range) 

Mean  ±  SD 
(range) 

Mean  ±  SD 
(range) 

Sex 

Male 

12 

8 

4 

0.39 

7 

5 

0.33 

Female 

8 

4 

4 

3 

5 

Age  (Year) 

27.2  ±  8.7 

26.5  ±  7.8 

28.1  ±  10.4 

0.70 

26.1  ±  8.9 

28.2  ±  8.9 

0.61 

(15-42) 

(18-42) 

(15-39) 

(16-42) 

(15-39) 

Number  of  Ingested 

2.2  ±  1.1 

2  ±  1.1 

2.4  ±  1.1 

0.41 

2  ±  1.2 

2.3  ±  1.1 

0.49 

A1P  Tablet 

(0.5-4) 

(1-4) 

(0.5-4) 

(1-4) 

(0.5-4) 

Manner  of  Ingestion 

With  water 

9 

6 

3 

0.58 

5 

4 

0.16 

Without  water 

8 

5 

3 

5 

3 

Unknown 

3 

1 

2 

0 

3 

Time  interval  between 

168.8  ±116.2 

177.1  ±  141 

156.3  ±71.5 

0.71 

hospital  admission 

(60-570) 

(60-570) 

(60-300) 

and  cardio-vascular 

manifestations  or  ECG 

findings  (minute) 

Systolic  blood  pressure  (mmHg) 

94.7  ±  15.5 

100.4  ±  14.5 

86.1  ±  13.5 

0.04* 

95  ±  15.8 

94.4  ±  16.1 

0.93 

(60-130) 

(80-130) 

(60-105) 

(75-130) 

(60-120) 

Cardiac  rhythm 

Sinus  rhythm 

11 

10 

1 

0.003* 

Atrial  Fibrillation 

7 

1 

6 

Junctional  Rhythm 

2 

1 

1 

ST.  Segment  changes 

No  change 

11 

9 

2 

0.04* 

Elevation 

9 

3 

6 

Data  are  mean  ±  SD.  The  difference  between  survivors  and  non-survivors  and  also  groups  with  normal  and  abnormal  ECG  is  significant  at  *P  <  0.05. 
a  'P  mentions  survivors  versus  non-survivors. 
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between  survivors  and  non-survivors  (p  =  0.04);  but  there  was  no 
significant  difference  between  these  groups  based  on  the  CPK  levels 
or  the  CPK  to  CPK-mb  ratios  (p  =  0.10  and  p  —  0.54,  respectively). 
There  was  a  significant  correlation  between  TnT-positive  results 
and  mortality  (r  =  0.49,  p  =  0.03). 

The  main  post-mortem  histopathological  findings  in  gross 
examination  were  congestion  in  liver,  brain,  kidney  and  lung.  In 
microscopic  examination,  the  liver  showed  central  venous 
congestion,  microvacuolisation,  degeneration  of  hepatocytes  and 
mononuclear  infiltration.  The  main  histopathological  findings  in 
other  organs  were  lungs  congestion,  oedema,  haemorrhage, 
collapse  of  alveoli  and  alveolar  thickening.  In  the  brain,  cerebral 
oedema,  degenerated  Nissel  granule  in  the  cytoplasm  and  deeply 
stained  degenerated  eccentric  nucleus  in  brain  cortex  were 
observed.  Degenerated  neurons  and  infiltration  of  round  cells  into 
the  molecular  layer  in  cerebellar  tissue  and  cerebral  oedema  were 
the  most  frequent  findings  in  the  microscopic  features  of  brain 
tissue.  Changes  in  the  kidneys  included  glomeruli  and  intra- 
pearanchymal  congestion. 

4.  Discussion 

This  study  showed  that  there  were  significant  differences 
between  survivors  and  non-survivors  regarding  SBP  and  ECG 
abnormalities.  However,  there  was  no  significant  difference  between 
survivors  and  non-survivors  regarding  sex,  age,  number  of  ingested 
tablets,  or  the  time  interval  between  admission  to  the  hospital  and 
the  onset  of  cardiovascular  manifestations  and/or  ECG  findings. 
These  findings  are  similar  to  our  previous  studies.3,9  The  manner  of 
ingestion  in  the  two  groups  was  not  different  in  the  present  study, 
whereas  our  previous  study  had  shown  a  significant  difference  in  this 
regard.9  This  outcome  may  be  related  to  the  difference  in  sample  size 
and  the  observed  immediate  vomiting  after  ingestion  in  most  of  the 
patients  in  the  previous  study. 

Although  Chugh  et  al.  (1991)  reported  in  their  study  that  there 
was  no  effect  of  ECG  abnormalities  on  mortality  in  A1P  intoxicated 
cases,5  in  this  study  we  showed  there  was  a  significant  correlation 
between  ECG  abnormalities  and  mortality.  This  finding  is  in 
concordance  with  previous  studies.4,10  The  results  of  the  present 
study,  such  as  cardiac  dysrhythmia,  ST  segment  elevation  and 
increase  in  TnT  levels,  can  be  explained  based  on  the  action  of  PH3. 
The  effect  of  PH3  on  the  heart  is  multifactorial.  Phosphine  inhibits 
cytochrome  c  oxidase.10  The  inhibition  of  mitochondrial  respiration 
results  in  myocardial  energy  depletion,  similar  to  that  which  occurs 
with  ischaemia.7  Phosphine  poisoning  also  results  in  the  genera¬ 
tion  of  reactive  oxygen  species  causing  lipid  peroxidation.7,10  These 
effects  can  cause  alterations  in  cardiac  transmembrane  action 
potentials  leading  to  dysrhythmia,  an  ischaemia-like  effect  on 
metabolism  and  on  the  ECG,  inducing  focal  areas  of  necrosis  and 
cardiac  failure.11 

There  are  inconsistent  reports  that  suggest  normal  and 
abnormal  CPK-mb  levels  in  spite  of  ECG  changes  in  acute  A1P 
poisoning.12,13  According  to  the  results  of  this  study,  it  seems  that 
CPK  levels  and  the  CPK  to  CPK-mb  ratios  are  not  reliable  markers  of 
cardiac  injury  in  these  cases.  Specific  cardiac  enzymes  such  as  TnT 
should  be  considered  as  possible  markers  of  cardiac  injury. 

As  the  present  study  is  a  retrospective  one,  and  the  post¬ 
mortem  heart  histopathological  evaluation  in  TLMC  is  uncommon 
in  routine  medicolegal  investigations,  we  could  not  obtain  any 


information  about  post-mortem  heart  histopathological  findings  in 
acute  A1P  poisoning.  From  this  view,  this  is  a  limitation  in  our  study. 
An  additional  limitation  of  this  study  is  the  low  number  of  cases; 
hence,  further  prospective  investigation  with  a  larger  number  of 
patients  also  is  suggested.  Finally,  because  of  the  correlation 
between  cardiac  dysrhythmia  and  mortality  observed  in  this  study, 
a  clinical  trial  on  the  effectiveness  of  prophylactic  administration 
of  anti-arrhythmic  agents  in  acute  A1P  intoxication  should  be 
considered. 

5.  Conclusion 

SBP,  cardiac  dysrhythmia,  ST  segment  elevation  and  TnT-positive 
results  could  be  considered  as  findings  for  prediction  of  mortality  in 
acute  A1P  poisoning. 
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